Existing implantable neurotechnologies for understanding the brain and treating neurological diseases have intrinsic properties that have limited their capability to achieve chronically-stable brain interfaces with single-neuron spatiotemporal resolution. These limitations reflect what has been dichotomy between the structure and mechanical properties of living brain tissue and non-living neural probes. To bridge the gap between neural and electronic networks, we have introduced the new concept of mesh electronics probes designed with structural and mechanical properties such that the implant begins to 'look and behave' like neural tissue. Syringe-implanted mesh electronics have led to the realization of probes that are neuro-attractive and free of the chronic immune response, as well as capable of stable long-term mapping and modulation of brain activity at the single-neuron level. This review provides a historical overview of a 10-year development of mesh electronics by highlighting the tissue-like design, syringe-assisted delivery, seamless neural tissue integration, and single-neuron level chronic recording stability of mesh electronics. We also offer insights on unique near-term opportunities and future directions for neuroscience and neurology that now are available or expected for mesh electronics neurotechnologies. 
Conception of mesh electronics: a historical overview
Limitations of neurotechnologies for probing the brain
Our understanding of the brain has for more than century been advanced by technological breakthroughs [1] . Existing neurotechnologies allow for interrogation and manipulation of the brain activity at different spatiotemporal scales, and are leading to an increasingly better understanding of the brain. Nevertheless, current neurotechnologies remain limited in their capability to cover large spatiotemporal range relevant to understanding the brain; that is, from the spatial scale of individual synapses/ neurons with millisecond time resolution to that of neural networks comprising different brain regions evolving over months to years. Functional magnetic resonance imaging can map the longitudinal activity of the entire brain, although is unable to achieve spatiotemporal resolution necessary to follow individual neurons underlying observed activity [2] . Alternatively, implanted electrodes can achieve single-neuron level electrophysiology, although with limited chronic recording stability [3, 4 ] . Optical electrophysiology offers high-resolution and relatively large-volume mapping and manipulation of brain activity but has limitations in terms of photon penetration in tissue [5] .
The gap between living and non-living systems
Our hypothesis is centered on the observation that brain probes have not been designed to look or behave like the brain tissue, and thus blurring the distinction between the living biological system -the brain -and the nonliving electronic system -the probe -will provide new capabilities for addressing fundamental questions in neuroscience and treating neurological/neurodegenerative diseases. Stated in another way, we have worked under the premise that by matching the structural and mechanical properties of the electronic and biological systems, which are traditionally viewed as distinct entities, it should be possible to achieve seamless integration.
The challenges in meeting these constraints are summarized as follows. First, the brain feature sizes scale from tens of nanometers for synapses connecting individual neurons to tens of centimeters for long-range projections integrating distinct brain regions [6] . In comparison, the overall sizes of silicon microelectrode arrays are almost always >4 times larger than a single neuron regardless of channel numbers [7] , and microwire-based brain probes become significantly larger than neuron somata with increasing channel numbers, despite subcellular feature size for single-channel carbon electrodes [8, 9] . This mismatch in size (Figure 1a , x axis) may contribute to chronic immune response and obscure the natural three-dimensional (3D) connectivity and circuit activity where the probe is implanted [10, 11] . 
